Thalamic oscillators contribute to both normal rhythms associated with sleep and anesthesia and abnormal, hypersynchronous oscillations that manifest behaviorally as absence seizures. In this review, we highlight new findings that refine thalamic contributions to cortical rhythms and suggest that thalamic oscillators may be subject to both local and global control. We describe endogenous thalamic mechanisms that limit network synchrony and discuss how these protective brakes might be restored to prevent absence seizures. Finally, we describe how intrinsic and circuit-level specializations among thalamocortical loops may determine their involvement in widespread oscillations and render subsets of thalamic nuclei especially vulnerable to pathological synchrony.
Introduction
Although the anatomical organizational principles of the thalamus are well established (Pinault, 2004; Jones, 2007; Sherman, 2007) , recent discoveries highlight new operational principles, especially regarding dynamic changes in thalamocortical (TC) networks relevant to sleep, attention, and seizures. To properly frame these exciting new findings that address network function, it is useful to review the major anatomical structures of the thalamus and their relationships.
The dorsal thalamus houses multiple excitatory TC relay nuclei that provide the major ascending input to cortex; these relays project to distinct cortical areas and are associated with specific sensory, limbic, motor, and executive pathways (Jones, 2007) . The thalamic reticular nucleus (RT) (Figure 1 ) is a thin sheet of GABAergic neurons that envelops the lateral aspect of the dorsal thalamus along its dorsoventral and rostrocaudal axes; it provides both feedforward and feedback inhibition to excitatory TC relay neurons within the varied thalamic nuclei (Figure 1 , i1; Pinault, 2004) . In some species, local thalamic interneurons provide inhibition to sculpt TC responses to sensory stimuli (Hirsch et al., 2015) . The TC oscillations discussed in this review are common features of sleep and epilepsy among mammals, including rodents, in which most TC nuclei lack local interneurons. This cross-species commonality suggests that interneurons play relatively minor roles in these rhythmic activities, at least in their gross electrographic and behavioral signatures, and thus will be omitted from circuit models discussed here. Layer 6 corticothalamic (CT) neurons provide feedback to the input TC nucleus, synapsing with both RT (Figure 1, e2 ) and TC (Figure 1, e3) to complete an oscillatory TC loop (Sherman, 2007) . Layer 5 CT neurons provide strong feedforward excitation to adjacent TC nuclei as part of an ascending corticothalamocortical loop, but they do not synapse with RT (Groh et al., 2008; Sherman, 2007) ; this pathway will be addressed in the context of thalamic oscillations in the final section of this review. Layer 6 CT-RT activation results in feedforward inhibition of TC cells (Jones, 2007; Sherman, 2007) . In addition to their primary cortical projection, TC neurons also project to RT (Figure 1, e1) , driving largely reciprocal GABAergic feedback inhibition. Brainstem and other arousal centers innervate the thalamus to dynamically modulate the transmission of ascending inputs to cortex (McCormick, 1992; Jones, 2007) .
Tight connectivity with cortex enables the thalamus to participate in global oscillations, reflections of coordinated neural activity detectable by scalp EEG electrodes. The frequency and amplitude of these oscillations correlate with arousal level and are thought to represent different modes of neural processing (Steriade, 2000; Buzsaki, 2006) . During sleep or under anesthesia, the thalamus autonomously generates two different rhythms: delta and spindle oscillations. TC neurons are intrinsic pacemakers; they are capable of firing periodic bursts of action potentials at 1-2 Hz that, when synchronized, generate delta oscillations within thalamus (McCormick and Pape, 1990a; Soltesz et al., 1991; Nuñ ez et al., 1992) . Reciprocal synaptic connectivity between TC and RT enables the thalamus to generate 7-14 Hz spindle oscillations (Figure 1, left) that persist even after removal of cortical inputs in vivo (Morison and Bassett, 1945; Steriade et al., 1985) . Similarly, isolated thalamic in vitro preparations generate persistent spindle-related activity (Huguenard and Prince, 1994a; von Krosigk et al., 1993; Warren et al., 1994) . Spindles propagate bidirectionally between thalamus and cortex (Contreras and Steriade, 1996; Contreras et al., 1996) and are reflected as global spindle oscillations during stage 2 non-REM sleep (De Gennaro and Ferrara, 2003) .
In absence epilepsy, changes to the TC network enable it to enter a hypersynchronous state, generating high-amplitude global oscillations with a stereotyped spike-and-wave signature that repeats at 3-8 Hz, depending on species (Steriade et al., 1993; Crunelli and Leresche, 2002; Noebels, 2003; Noebels et al., 2012) . These spike-wave discharges (SWD) occur in concert with abrupt cessation of movement and loss of
